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The aim of this research is to knowing the potential energy based on cattle waste. 
Biogas is a gas end products of digestion or anaerobic degradation (in environments 
without oxygen) by bacteria methanogen, and one of the waste generated from the 
activities of human life is a waste of effort to cattle farming consisting of feces, urine, 
gas and feedlot cattle, manure, sewage sludge, energy crops. Biogas is comprised 
primarily of methane and carbon dioxide. This research focus on biogas process and 
production, stages of formation biogas, classification of biogas digester, organic waste 
digestion process parameters (including on nitrogen and nitrogen carbon ratio, total 
solid content (TS), volatile solids (VS), biogas energy conversion, and digester biogas. 
By doing this research, it will explain the potential biogas energy derived from farm 
waste by comparison the use of fossil energy, we can reduce or replace the use of fossil 
energy. In addition, this research is also useful to maximize the benefits of cow manure 
waste and clean up the environment as well as the smell of cow manure. Alternative 
energy can provide a solution for the Indonesia remote areas that lack of electricity 
caused by the lack of energy sources. 
 





The need for energy use is increasing along with population growth and increment of 
energy consumption by the public due to the use of various tools to support comfort in 
people's lives. The energy source which has been used mostly derived from fossil fuels 
(such as coal, petroleum, natural gas, etc.) but there also a potential that comes from 
wind, solar, water and alternative energy (organic). Fossil fuels are energy sources 
formation process takes millions of years and can be said of non-renewable energy. In 
addition to the non-renewable energy, fossil energy use result in increased greenhouse 
gases. Many scientists believe that increasing concentrations of greenhouse gases is one 
of the causes of global warming. Therefore, to replace the use of non-renewable energy 
they need to have another alternative energy sources which capable of reducing the rate 
of consumption of fossil energy (Sulistyo, 2010). 
 
Indonesia actually has so many new renewable energy sources to become the 
alternatives other than the fossil energy. One of them is the energy utilization of biogas. 
Biogas can be categorized as bio-energy, because the energy produced from biomass. 
Biomass is a relatively young organic material derived from living or industrial waste 
products and cultivation (agriculture, farming, forestry, animal husbandry and 
fisheries). Biogas is gas end products of digestion / anaerobic degradation (in 
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environments without oxygen) by bacteria methanogen and one of the waste generated 
from the activities of human life is a waste of effort to cattle farming consisting of feces, 
urine, gas and feedlot cattle. The potential of livestock waste as a raw material for 
biogas can be found in the centers of farms, especially farms with large-scale generating 
large volumes of waste and regularly. In Indonesia, pretty much cattle ranch region cow 
manure has not been used as a power plant at its best (not yet maximized for potential). 
 
As a case research to get an analysis of the power plant which located in Jalan 
Kemakmuran, Sukmajaya, Depok, Jawa Barat (West Java). Cattle farming region that 
has a capacity of cattle are a little (minimum). Farm waste such as feces, urine along 
with the rest of the cattle feed are the sources of materials that can be used to produce 
biogas. But on the other hand, the development or growth of livestock industry poses a 
problem for the environment such as farm waste accumulated waste inside the 
exclusion of cattle farms. This waste into pollutants because of the decomposition of 
manure in the form of Biological Oxygen Demand (BOD) and Chemical oxygen 
demand (COD), bacterial pathogens causing water pollution (which is referred to is the 
contamination of ground water, surface water resulting from manure), air pollution dust 
and odor generated from the dirt. 
 
According to Houdkova et.al. (2008), Biogas is a renewable energy that can be used as 
alternative fuel to replace fuel derived from fossil fuels such as petroleum and natural 
gas. Biogas as well as one type of bioenergy that is defined as a gas that is released 
when organic materials such as animal manure, human waste, straw, husks and leaves 
the result leaves assortment of vegetables fermented or undergo a process fermentation 
(Hambali, 2008). 
 
In relation as a source of alternative energy substitute for fossil energy, biogas is a clean 
energy that reduces the production of greenhouse gas emissions (one of the causes of 
global warming). So, the use of waste utilization of dairy farms in the cattle business 
as raw material for biogas energy projects can be submitted one of the clean 
development mechanism which is a mechanism for developing countries to receive 
incentives from developed countries for efforts to reduce greenhouse gases. 
 
 
STATEMENT OF THE PROBLEM 
 
Problem statement arises when excessive use of fossil energy that led to the availability 
of fossil energy resources such as gas and oil that effect to be a step or run out and 
causing the air pollution from vehicle fumes or excessive plant. Following the high 
demand of fossil energy use, some scientists are looking for a solution from the use of 
fossil energy. The solution of the supply of energy would be the energy of biogas, 
however the potential of the new renewable energy sources in the form of farm waste 
such as feces, urine along with the rest of the cattle feed which is quite large and is still 
not fully utilized optimally. The energy has the potential to become the raw material is 
converted into biogas and then electricity. Caused by the buildup of excess in cow 
manure can cause ground water and surface water becomes contaminated (dirty). 
 
Based on problem statement, the objective of this research is run are as follows; 
1. To assess the potential utilization of farm waste (feces, urine along with the rest of 
the cattle feed) on regional farms to cattle farming business as a raw material biogas; 
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2. To calculate the capacity of the electrical energy from biogas power generation that 




Processing livestock manure into biogas in addition to producing methane gas for 
cooking also reduce environmental pollution, generate solid organic fertilizer and liquid 
organic fertilizer and more importantly is to reduce dependence on petroleum fuel 
consumption that cannot be renewed. Built biogas plants are also suitable for dairy 
cattle or poultry (livestock) with designing drainage cattle feces into the digester. The 
residential complex also can be designed to carry the stool to place biogas processing 
together. 
 
Utilization of manure as an energy source, does not reduce the amount of organic 
fertilizer derived from manure, because the biogas processing, manure processed 
restored to the state it was taken only of methane (CH4), which is used as fuel. 
 
Anaerobic process 
Anaerobic process is the process of decomposition of organic materials by anaerobic 
bacteria in conditions with no virgin, which produces biogas and liquid fertilizer. There 























Figure 1  
Anaerobic process 
 
Biogas is a combustible mixture of gases produced by methanogenic bacteria that 
occurs in materials that can decompose naturally under anaerobic conditions. In general 
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biogas consists of methane (CH4), carbon dioxide (CO2), hydrogen (H2) and other gases 
in small amounts to the composition. 
 
Biogas weighs roughly 20 percent lighter than air and has a combustion temperature 
between 650 to 750 ℃. Biogas is odorless and colorless which when burned will 
produce a blue flame as bright as the gas in the gas cylinder (stove). The heating value 
of methane gas is 20 MJ/m3 with a combustion efficiency of 60 percent in conventional 
biogas stoves. 
 
Besides its use for cooking fuel, biogas potential as a renewable energy source since 
the calorific values in the methane gas. So, that biogas can be used for lighting, drying 
processes, for producing process heat, for motor vehicles, and power generation. 
 
Stages of formation biogas 
Farm waste such as feces, urine along with the rest of the cattle feed are the sources of 
materials that can be used to produce biogas. However, the development or growth of 
livestock industry poses a problem for the environment as waste accumulated farms, 
cattle farms for example waste, poultry waste and others. Because this waste into the 
decomposition of manure pollutants such as biological oxygen demand (BOD) and 
chemical oxygen demand (COD), pathogenic bacteria causing water pollution 
(contamination of ground water and surface water), air pollution with dust and odor 
generated. 
 
Biogas is a renewable energy that can be used as alternative fuel to replace fuel derived 
from fossil fuels such as petroleum and natural gas (Houdkova et. al., 2008). Biogas as 
well as one type of bioenergy is defined as the gases released or obtained if the organic 
materials such as animal manure, human waste, straw, husks and leaves and result 
assortment of vegetables fermented or undergo a process methane (Hambali, 2008). 
 
Methane gas has long been used by the Egyptians, the Chinese, and ancient Rome to 
be burned and used as a heat producer while further fermentation process to produce 
methane, gas was first discovered by Alessandro Volta (1776). The results of the 
identification of flammable gases were done by Willam Henry in 1806. And Beckham 
(1868) student of Louis Pasteur and Tappeiner (1882) was the first to show the 
microbiological origin of the formation of methane gas. 
 
This gas comes from a variety of organic wastes such as waste biomass, human waste, 
animal waste can be utilized as energy through the process of anaerobic digestion 
(testifying, 2008). Biogas is formed can be used as fuel because it contains methane 
(CH4) in a high percentage. 
 
Table 1 
Components of biogas (Bacracharya et al., 1985) 
Type of gas Percentage 
Methane  50-70 % 
Carbon Dioxide (CO2) 30-40 % 
Water (H2O) 0.3 % 
Hydrogen Sulfide (H2S) Scrimpy 
Nitrogen (N2) 1-2 % 
Hydrogen (H2) 5-10 % 
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For power plants, the energy produced by the biogas is equivalent to 60-100 watt light 
bulbs for 6 hours of illumination. Equality biogas compared to other fuels can be seen 
in Table 2. 
 
Table 2 
The value of equality biogas and energy produced (Wahyuni, 2008) 
Application  1m3 biogas equal to 
1 m3 biogas   Gas cylinders 0.46 kg 
Kerosene 0.62 liter 
Diesel Oil 0.52 liter 
Firewood 3.50 kg 
 
Biogas is renewable energy source that can address the need for energy while providing 
soil nutrient needs of solid and liquid fertilizers which are byproducts as well as 
reducing greenhouse gases that cause global warming. The utilization of biogas as an 
alternative energy source can reduce the use of firewood. Therefore, it can reduce the 
logging operations, so that the forest ecosystem is maintained. Biogas produces a clean 
blue flame and produces without smoke. 
 
Biogas energy is potential to be developed, because farm biogas production supported 
by favorable conditions of development of cattle breeding in Indonesia. In addition, the 
increase in electricity tariff, the increase in the price of Liquefied petroleum gas, 
gasoline, kerosene, diesel oil and fuel oil has prompted the development of alternative 
energy sources that are cheap, sustainable and environmentally friendly (Nurhasnah el 
at. 2006). 
 
Utilization of farm waste, especially cow manure into biogas supports the concept of 
zero waste, so that the system sustainable agriculture and environmentally friendly can 
be achieved. According to Santi (2006), some of the advantages the use of manure, such 
as, reducing environmental pollution to water, soil and air (odor); utilizing animal waste 
fuels such as biogas that can be used as an alternative energy for domestic purposes; 
reduce expenses breeder's energy needs for the household activities; carry out an 
assessment of the possibility to be exploited biogas electrical energy to be applied in a 
location that still do not have access to electricity; carry out an assessment of the 
possibility of this activity is used as a proposal for the clean development mechanism. 
 
Cattle farm waste processing to biogas 
Processing waste into biogas cattle ranch in principle using the same methods and 
equipment to the processing of biogas from the other biomass. The anaerobic biogas 
generation tool was first built in 1900. In the late 19th century the research to make 
methane as biogas was made by Germany and France during the World War II. During 
World War II, many farmers in the United Kingdom and continental Europe that make 
small biogas generation tool that is used to drive a tractor. A result of the ease in 
obtaining fuel and the price is cheap in the 1950s, the use of biogas is becoming 
obsolete. However, in developing countries will need a source of energy are cheap and 
always available. Hence, in India biogas production activities continue to be made since 
the 19th century. Currently, some countries such as China, the Philippines, Korea, 
Taiwan, and Papua New Guinea have conducted various research and development 




In principle, biogas technology is a technology that utilizes the fermentation process 
(decomposition) of organic waste in anaerobic (without air) by methane bacteria to 
produce methane gas (Nandiyanto, 2007). The process of anaerobic digestion is the 
basis of the reactor biogas that breakdown process of organic materials by the activity 
of methanogenic bacteria and bacteria asidogenic (acid-forming) in conditions without 
air, these bacteria naturally present in the wastes containing organic materials, such as 
animal dung, human, and household organic waste (Haryati, 2006). Methane gas is a 
gas containing one atom C and 4 H atom that has flammable properties. Methane gas 
that can later burned to produce heat energy. Organic materials that can be used as raw 
material for this industry is organic waste, waste consisting mostly of dirt and small 
pieces of plant debris, such as straw, etc. as well as plenty of water. 
 
The fermentation process requires certain conditions such as the C: N ratio, 
temperature, acidity is also the type of digester used. The optimum conditions are at 
temperatures of around 32-35 ℃ or 50-55 ℃ and pH between 6.8 to 8. In this condition, 
change the digestive process of organic material in the presence of water into gas 
energy. 
 
According to Haryati (2006), the process of biogas formation process includes three 
stages as such as: Hydrolysis, at this stage of degradation of organic materials soluble 
and breakdown of organic materials that form the complex simple with the help of water 
(change the structure of the polymer to form monomeric forms). After that is the 
acidification, the acidification hold of monomer components (a simple sugar) that is 
formed in the hydrolysis stage will be food for acid-forming bacteria. The final product 
of simple sugars reshuffle earlier such as acetic acid, propionate, format, lactate, 
alcohol, and little butyrate, carbon dioxide, hydrogen and ammonia. Lastly is 
methanogenic, at this stage of methanogenic a process of formation of methane gas. 
Sulfate reducing bacteria are also present in this process that will reduce sulfate and 
other sulfate compounds into hydrogen sulfide. 
 
Organic waste digestion process parameters 
Nitrogen and nitrogen carbon ratio 
Carbon and Nitrogen is the main food source for anaerobic bacteria, so the bacteria 
optimum growth is strongly influenced this element, wherein the carbon needed to 
supply energy and nitrogen needed to form the structure of the bacterial cell. Nitrogen 
ammonia at high concentrations can inhibit the process of anaerobic fermentation. A 
good concentration ranges from 200-1500 mg / 1t and when exceeding 3000 mg / 1t 
would be toxic. The process of anaerobic fermentation will take place when the 
optimum C: N ratio is worth 30: 1, wherein the amount of carbon 30 times the amount 
of nitrogen. 
 
To determine the organic material digester with a comparison between carbon (C) and 
nitrogen (N). a few experiments show that the metabolism of anaerobic bacteria will be 
fine on C / N ratio between 20-30. If the C / N ratio is high, nitrogen will be rapidly 
consumed by anaerobic bacteria to meet their protein requirements, so that bacteria will 
not react again when the carbon content remaining. If C / N is low, the nitrogen will be 
detached and assembled to form ammonia that will increase the pH value of the 
material. PH values higher than 8.5 will be able to poison the anaerobic bacteria. To 
keep the C / N ratio, a high ratio of organic materials can be mixed with organic 




 C / N ratio some organic material (Karki & Dixit, 1984) 
Organic materials Ratio C/N 
Duck feces 8 
Human feces 8 
Chicken feces 10 
Goat feces 12 
Pig feces 18 
Sheep feces 19 
Cow or buffalo feces 24 
Water hyacinth 25 
Elephant feces 43 
Corn (straw) 60 
Paddy (straw) 70 
Wheat (straw) 90 
Sawdust More than 200 
 
Manure especially cattle, have a value of C / N on average ranges from 24. Material 
from plants such as sawdust and straw contain a percentage of C / N higher, while 
human waste has a value of C / N ratio of organic wastes valuable 8. C / high N can be 
mixed with the lower order to obtain the value of C / N ratio is ideal, such as the mixing 
of waste straw into the toilet waste to reach levels of C / N ideal or mixing elephant 
dung with human feces that gets the number of C / N ratio is balanced and optimum 
biogas production can run. 
 
Total solid content (TS) 
According Saragih (2010), the notion of the total solid content (TS) is the amount of 
solid matter contained in the waste organic materials during the digester process occurs 
and this indicates the rate of destroying / decay of organic waste solids material. The 
total solid content also indicates the number of solids in the organic material and the 
value of the total solid greatly affects the length of the digestive process / digester 
(HRT) organic material. 
 
Volatile solids (VS) 
Volatile solids are part of the solids turn into the gas phase at the stage of acidification 
and methanogens as in the process of fermentation of organic waste. In laboratory-scale 
testing, current weight parts solids organic material missing on fire (evaporate and 
undergo a process of gasification) with the burning at a temperature of 538℃, referred 
to as volatile solid, or the potential for biogas production, which means the percentage 
of volatile solid for a few different organic materials. (Satagih, 2010) 
 
Table 4 
Potential gas production for some types of organic materials (United Nations, 1984) 
The type of organic waste  Production biogas per kg waste (m3) (%VS) 
Cow  0.023 – 0.040 
Pig 0.040 – 0.059 
Chicken  0.065 – 0.116 
Human  0.020 – 0.028 
Garbage Harvest  0.037 
Water Hyacinth 0.045 
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Biogas energy conversion 
Biogas can be used as a fuel and as a source of alternative energy for propulsion 
generator power plants and produce heat energy. Combustion of 1 cubic feet (0.028 
cubic meters) of biogas to produce heat energy by 10 Btu (2.25 kcal) which is 
equivalent to 6 kWh / m3 of electrical energy or 0.61 L of gasoline, kerosene 0.58 L, 
0.55 L diesel, 0.45 L natural gas, firewood 1.50 kg, 0.79 L of bioethanol (Satagih, 
2010). 
 
Biogas energy conversion to electricity 
According satagih (2010), the energy conversion of biogas for power generation can be 
done by using gas turbines, microturbines and Otto cycle engine. Selection of this 
technology greatly influenced the potential of biogas as the concentration of methane 
gas and biogas pressure, the load demand and the availability of existing funds. 
 
Based on the book renewable energy conversion, transmission and storage by bent 
Sorensen, that 1 kg of methane gas equivalent to 6.13 x 107 J, while 1kWh is equivalent 
to 3.6 x 107 Joules. The density of methane to 0,656 kg / m3, so that 1 m3 of gas 
methane generate electrical energy by 11.17 kWh. 
 
Table 5 
Energy conversion of methane gas into electricity 
Type of energy energy equivalent 
1 kg of methane  6,13 x 107 J 
1 kWh 3,6 x 106 J 
1 m3 of methane,  
the density of methane is 0,656 kg/m3 
4,0213 x 107 J 
1 m3 of methane  11,17 kWh 




Digester is a major component in the production of biogas. Digester is a place where 
organic material is broken down by bacteria in anaerobic (without air) into CH4 and 
CO2. Digester should be designed so that anaerobic fermentation process can run well. 
In general, the production of biogas formed in 4-5 days after the digester is filled 
Production of biogas into lots in 20-35 days (Sulistyo, 2009). 
 
Types of biogas digester 
There are several types of digesters that can be seen under construction, type of flow, 
and its position on the ground. The selected type of digester can be based on the goal 
of making digester stretcher. The important thing is to reduce dirt and produce biogas 
which has a high content of CH4. In terms of construction, the digester can be divided 
into: Fixed Dome; This type of digester has a fixed volume. Along with resultant 
biogas, there is increased pressure in the digester. Therefore, the construction type of 
fixed dome digester, the gas that is formed will be streamed to the gas collection outside 
the reactor. Indicator gas production can be done by installing a pressure indicator; 
Floating Dome; In this type of digester there is a section that reactor that can move 
along with the increase in reactor pressure. The movement of the dome can be used as 
an indication that the production of biogas has started or is already happening. Moving 




Based on the flow of raw materials for biogas, digester can be divided into: Batch, In 
the digester body types, raw material placed in a container or vessel from beginning to 
completion of the process of digestion. Digester of this type is generally used in the 
experimental stage to determine the potential of gas from organic waste or used in 
biogas capacity is small. Continuous, to digester type of flow, the flow of raw materials 
and residues inserted issued at specified intervals. The length of the raw materials is in 





The methodology of this research is to explain about the methods, processes, utilization, 
constraints, strengths and weaknesses of biogas energy, and responses from the relevant 
government. This research includes energy sources that can be created or maintained 
in the research with the manager of animal husbandry. Guard farms or biogas energy 
managers play an important role in this research because the manager can control the 
energy and know from biogas. This research, researchers used a qualitative concept. 
According to Lincoln and Guba (1982) explains that qualitative research aims to build 
on the ideographic body of knowledge, so that tends to be done is not to discover the 
laws and not to make generalizations, but to make an in-depth or extrapolated on the 
object. For this research, sampling from a place called “Pusat Kegiatan Belajar 
Masyarakat (PKBM) Sekolah Masjid Terminal” or School of Master Indonesia in 
Depok, Indonesia. Analysis of the data used in the research is the manual method. In 
this case, in the form of a table classifying farm managers used to determine the use 
and manufacture of biogas energy. Meanwhile, for the method of data collection, the 
researchers divided into two parts, the first part is the primary data, it will conduct 
interviews with the guards of the farm or a representative of the PKBM and the second 
part is secondary data involving literature review related to the methods used to 
improve energy biogas from manure of cattle farms PKBM through reading journals, 
books, articles, and internet data analysis when referring to the scope of the research. 
Researchers collected data from the research methodology to get more information for 






Firstly, what other benefits aside from the cow manure? 
Alternative energy developed from PKBM in cooperation with a local company named 
PT Swen it (Bogor). PKBM choose biogas energy because they have a farm, but in 
terms of feces not to maximize usefulness and in terms of the location of the place is 
more likely to do business biogas. PKBM has two pans for cows, at first pan could 
holding more than 30 cows and second pan could holding 80 cows. However, PKBM 
want to try the experiment of goat feces because the number of goats by PKBM is 101 
units and experiment uses water hyacinth. 
 
According to Houdkova et.al. (2008), Biogas is a renewable energy that can be used as 
alternative fuel to replace fuel derived from fossil fuels such as petroleum and natural 
gas. Biogas as well as one type of bioenergy that is defined as a gas that is released 
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when organic materials such as animal manure, human waste, straw, husks and leaves 
the result leaves assortments of vegetables fermented or undergo a process fermentation 
(Hambali, 2008). 
 
Secondly, how much electricity will have produced from biogas?  
Currently energy can be produced from biogas that caused two gas for stoves, 5 light 
units, and the use of rice cooker. At least this effort can be used for electricity needs 2 
pans farm (2 units building) but still cannot be used for 1 region area near from cage 
farm due to the lack of fuel from the biogas energy. 
 
According to Table 1.4 and Table 1.5, a cow can produce gas methane 0.023-0.040, we 
can say 0.030m3 of gas methane and 1m3 of methane is 11,17 kWh. It will 0.030 
multiply by 11,17 equal to 0.3351 kWh or 335.1 W. normally, a lamp need 15 W per 
unit, a rice cooker need 400 W, and a stove need 1000 W per unit for electricity. PKBM 
will used electricity for 15 W multiply by 5 equal to 75W plus 1000 W multiply by 2 





As a conclusion, this research proves that the biogas technology innovation may be one 
of the alternative energy and solutions to the problems that occur in communities that 
still lacking of electric supply. So, biogas can be one of the alternative energy sources 
as a substitute for conventional fuels are still dependent on petroleum. Implementation 
of biogas itself is not too difficult considering the main ingredient needed is quite easy. 
Strongly suggest to the government follow up the important of biogas in order to help 
generate electricity. This is the alternative in term of   technology innovation in green 





Al Khuwaildi, H. A. (2010). Green techniques in the healthcare system. Jordan: Jordan 
University of Science and Technology . 
Anugrahadi, A. (2016, July 30). News. Retrieved from Liputan6: 
http://news.liputan6.com/read/2565059/kisah-nur-rohim-selamatkan-warga-
depok-dari-kotoran-sapi. 
Behl, R. K. (2013). Renewable energy sources and their applications. Jodhpur: 
Agrobios (International). 
Bernand W. Taylor, S. (2013). Introduction to Management Science, Global Edition . 
Harlow: Pearson Education Limited. 
Dennis, A., & Burke, P. (2001, June). Dairy Waste Anaerobic Digestion Handbook. In 
A. Dennis, & P. Burke, Options for Recovering Beneficial Products From Dairy 
Manure. Washington: Environmental Energy Company. 
Heinicke, M. (2015). Framework for the use of landscaping waste for alternative energy 
generation. International Journal of Energy Sector Management, 9(1), 57-76. 
1168 
 
Scheer, R., & Moss, D. (n.d.). https://www.scientificamerican.com/article/led-
lightbulb-concerns/. 
Waskito, D. (2011). Analisis pembangkit listrik tenaga biogas dengan pemanfaatan 
kotoran sapi di kawasan usaha peternakan sapi. Depok: University Indonesia. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
